INTRODUCTION (Geologic base)
Geologic mapping of the Port Moller, Stepovak Bay, and Simeonof Island 1° by 2° (1:250,000 scale) quadrangles on the Alaska Peninsula was conducted as part of the Alaska Mineral Resource Assessment Program (AMRAP). The mapping of Burk (1965) , Kennedy and Waldron (1955) , and Moore (1974) provided an excellent base for the AMRAP mapping. The geology on this map incorporates both Moore's (1974) map of the Outer Shumagin Islands and Kennedy and Waldron's (1955) map of the Pavlof Volcano area with minor additions.
However, significant changes were made to Burk's (1965) pioneering work.
The geologic data on this map was compiled on l:63,360-scale topographic maps and digitized using an extensively modified edition of GSMAP version 3.0 (Seiner and others, 1986 ). This digital data was then transferred to ARC/INFO* for editirT and compilation into a l:250,000-scale geologi? map (Environmental Systems Research Institute, 1987; Wilson, 1989b ). The digitized geology was then generalized for this map and composited with a nondigital mosaic of the l^SO.OOO-scale topographic base maps.
Assistance to the authors in preparing the geologic map was provided by R.L. Detterrran for Cenozoic and Mesozoic stratigraphy, J.W. Miller for Mesozoic paleontology and stratigraphy, and J.E. Case for geophysical interpretation and stratigraphy. F.R. Weber contributed significantly to the mapping of Quaternary geologic units. Louie Marin^ovich, Jr., contributed many Tertiary megafauna determinations and valuable paleoenvironment data.
MESHIK MAGMATIC ARC
The Meshik arc (Wilson, 1985) was defined on the Alaska Peninsula and adjacent islands on the basis of field mapping and the geochronolog'? data presented in Wilson and others (1981) and Wilson and Shew (1992) .
The Meshik magmatic arc (Wilson, 1985) as defined consists of Eocene io early Miocene volcanic, volcaniclastic, and related sedimentary rocks of the Alaska Peninsula (units Tm, Tp, Ts, and part of unit Tt). Prior to its definition, all Cenozoic igneous rocks on the Alaska Peninsula and in the Aleutians were classified as the Aleutian arc. As originally conceived, the Meshik arc is roughly comparable to the early series of Marlow and others (1973) and the Aleutian arc is directly comparable to the late series of Marlow and others (1973) . Usage herein restricts the applicatior of the term "Aleutian arc" to magmatic rocks of late Miocene and younger age. Igneous rocks included in the Meshik arc (Wilson, 1985) were mappec1 in the Port Moller study area as two units, the formally defined Meshik Volcanics (Tm) on the mainland and the informally defined Popof volcanic rocks (unit Tp, Wilson and others, in press), a lithologic and temporal equivalent of the Meshik Volcanics, in the Shumagin Islands.
DISCUSSION OF AGES
METHODOLOGY Samples were collected from early Tertiary plutonic and hypabyssal rocks of the Shumagin Islands (map sheet), Eocene and Oligocene volcanic and hypabyssal rocks of the Meshik magms tic arc (Wilson, 1985) , and late Miocene and younger volcanic, hypabyssal, and plutonic rocks of (TV, Ti, QTV, Qv) the Aleutian magmatic arc. The volcanic and hypabyssal rocks (including unit Tvu) range in composition from basalt to rhyolite, whereas the plutonic rocks tend to have a more restricted range of composition from quartz diorite to granodiorile (including unit Tiu).
All ages (table 1) have been calculated or were recalculated using decay and isotope abundance constants recommended by Steiger and Jager (1977) . Most age determinations completed as part of this study were done in replicate because past experience indicates Alaska Peninsula volcanic rocks tend to be inhomogeneous, possibly as a result of low-grade hydrothermal alteration.
Samples for which multiple mineral phases were analyzed generally had only one phase analyzed in replicate if other phases yielded concordant ages. Potassium was determined using lithium metaborate fusion and flame photometry, generally following the methods of Engels and Ingamells (1970) .
All potassium analyses were in duplicate; samples containing very low levels of potassium were analyzed in quadruplicate. Argon extraction and measurement were done using isotope-dilution mass spectrometry as generally described by Dalrymple and Lanphere (1969) , with modifications presented by Wilson (1980) . All argon extractions were completed at the USGS laboratory in Anchorage, Alaska. Mass spectrometry was completed at the USGS laboratory in Menlo Park, California and the University of Alaska laboratory in Fairbanks, Alaska. The age reported is a mean age where multiple argon extractions were performed on a single sample. The analytical error assigned to each age determination is an estimate of the standard deviation of analytical precision using the method of Cox and Dalrymple (1967) , together with our adaptation of modifications to this method described by Mahood (1980) , and our calculated estimate of uncertainty in the concentration of 38Ar tracer and potassium measurements.
Rock descriptions from hand specimens and thin sections for each sample are contained in table 2. Hand specimen colors were assigned using Goddard (1948) except where noted that the Munsell Soil Color Chart (1975) was used.
On the Alaska Peninsula, in cases where multiple mineral phases including plagioclase have been dated, plagioclase frequently yields the oldest apparent age (Wilson and Shew, 1987; 1992 ). An ongoing study on the Seward Peninsula of northwestern Alaska (Paul Layer, University of Alaska, written commun., 1991) has shown excess argon sufficient to yield 20-Ma apparent ages can be present in plagioclase in Quaternary volcanic rocks. Similar indications of excess argon in plagioclase have been reported by C.J. Nye from dating studies on volcanos in southcentral Alaska (oral commun., 1989) . Finally, the extreme discordance shown by sample 83AWs 131 (table 1) , where the plagioclase age is too old based on other geological data, results in suspicion on our part as to the validity of some age determinations on plagioclase.
The above studies cause us to view the oldest ages reported here with some skepticism. However, plagioclase age determinations, such as on many samples of this study, yield apparent ages that are geologically reasonable.
RESULTS
Shumagin Islands batholith (Tg) Previous geochronologic studies have determined ages on 5 samples of biotite-bearing granodiorite (table 1, unit Tg) from the Shumagin Islands batholith. Potassium-argon age determinations on biotite yielded an age range of 57.4±2.9 to 60.Til.8 Ma.
A single age determination on muscovite from one sample yielded an age slightly discordant to the biotite of 65.6±3.3 Ma. We dated a biotite-bearing dacite dike intruding the Shumagin Formation near the contact with the batholith; it yielded an age of 59.0±0.9 Ma, indicating the dike was probably coeval and comagmatic with the batholith.
Meshik Volcanics (Tm) Rocks of the Meshik Volcanics in the study area have yielded ages in the range of 30.2±1.2 to 54.8+1.8 Ma. The three westernmost samples of the Meshik Volcanics yielded the oldest ages, two of these samples had plagioclase ages of 51.7+5.5 and 54.8±1.8 Ma. The oldest age previously determined on a rock sample from the Meshik arc was 48.1±0.89 Ma, on plagioclase from an andesite dike in the Sutwik Island quadrangle (Wilson and others, 1981) . As these ages are all on plagioclase, they should be viewed with some skepticism. The typical range of ages elsewhere in rocks of the Meshik arc is 30 to 40 Ma. Samples of the Meshik Volcanics in the study area consistently exceed or are at the upper end of that range as only a single sample has yielded an age younger than 36 Ma.
Popof volcanic rocks (Tp)
Samples of the Popof volcanic rocks, from highly mineralized Unga and Popof Islands, may be younger than rocks of the Meshik Volcanics of the mainland in the study area. The Popof volcanic rocks typically yield apparent ages in the range of 30.9+.1.1 to 37.1±1.2 Ma; only a single sample yielded an age greater than 36 Ma. A single sample from Andronica Island (83ADt 167) yielded a 24.6±4.2 Ma age; this rock may not actually belong to the Popof volcanics rock unit. Unpublished data suggests that the Popof volcanic rocks are in general more siliceous than rocks of the Meshik Volcanics, and include more dacite and the only rhyolite in the study area.
Middle Miocene rocks (parts of units Tiu, TVu) On Unga Island and the Pavlof Islands to the west, a number of samples yield apparent ages in the range 14.3±0.1 to 21.2+0.5 Ma. Previous studies on the Alaska Peninsula (Wilson and others, 1981; Wilson and Shew, 1992; Shew and Lanphere, 1992) have shown a conspicuous absence of rocks yielding apparent ages within this range. In the past, the very few samples that had yielded ages within this range were viewed with suspicion and presumed as either reset or containing inherited argon.
However, fossil determinations (L.M. Marincovich Jr., written communs. 1984 Jr., written communs. , 1985 Jr., written communs. , 1987 from Unga Island and the Pavlof Islands on rocks interbedded with, or bracketing the igneous rocks confirm the validity of these ages. Rocks of this age don't appear to continue far into the adjacent Cold Bay and False Pass 1:250,000-scale quadrangles on the west and therefore have a limited spatial distribution. We believe that the lahar deposits of the Unga Formation (part) and the tuff and tuffaceous sedimentary rocks of the Belkofski Formation (part) are derived from this magmatic phase. This Miocene event is newly recognized as significant in the study area. (Wilson, 1989a) in the northeast to remnant flows and domes in the central part of the area, and to the Pavlof group of volcanos (Kennedy and Waldron, 1955) in the southwest.
The recognition of middle Miocene volcanic rocks on Unga Island and in the Pavlof Islands (see section above, parts of units Tiu and Tvu) suggests that modern Aleutian arc magmatism began earlier than previously thought (Marlow and others, 1973; Wilson, 1980) . The location of these rocks on Pacific islands offshore and south of the mainland is consistent with the suggestion (Wilson, 1980) that the locus of volcanism migrated to the northwest during the life of the Aleutian magmatic arc.
Alteration
A number of attempts were made to date alteration minerals in the study area. These met with limited success, typically due to our failure to obtain samples containing sufficient potassium. Dating of adularia from the Apollo Mine (sample 89AWw 130) at 34.0±0. 
-Ar age determinations of rocks from the Port Mailer and Stepovak Bay quadrangles
[Age determinations calculated using the following decay constants: X£ = 0.572 x 10' 10 year 1 , X£-= 8.78 x 10' 13 year 1 , XR = 4.962 x 10-10 year 1 , 40K/K = 1.167 x 10'4 atom percent. Sample preparation by Nora Shew, Greg DuBois, L.M. Angetoni, M.A. Pernokas, Stephanie Zurinskl, C.L. Connor. Argon extraction by Nora Shew and Greg DuBois, mass spectrometry by authors with assistance from James E. Conrad, Leda Beth Gray, Elliot Kollman, James Saburomaru, Jarel Outer Iliasik Island; Port Moller A-6 quad. Medium-greenish-gray propylitically altered porphyritic andesite(?). Originally an amygdaloidal, porphyritic flow rock having phenocrysts of plagioclase and either pyroxene or hornblende in a finegrained groundmass. Subhedral, flow-aligned plagioclase phenocrysts replaced by very fine grained quartz and calcite. Anhedral to euhedral mafic phenocryst' replaced by chlorite and calcite. Vugs and amygdules filled with calcite, subhedral to euhedral epidote, chlorite and anhedral to euhedral quartz. Groundmass now opaque grains, calcite, and chlorite.
American Bay pluton; Port Moller C-l quad. Porphyritic quartz diorite. Phenocrysts of subhedral to euhedral, zoned, twinned plagioclase (An^ having a multimodal size distribution, anhedral to euhedral (most subhedral) hornblende, and anhedral quartz in a roughly 1-to 5-mm grain size groundmass of plagioclase laths, anhedral to subhedral biotite, hornblende, minor chlorite (usually associated with biotite), anhedral to euhedral opaque grains, anhedral quartz, and sericitically altered plagioclase.
Near Island Bay on Kupreanof Peninsula; Stepovak Bay C-5 quad. Salt-and-pepper gray (N 7) porphyritic dacite having white (N 9) phenocrysts of plagioclase an d grayish-black (N 2) hornblende phenocrysts. Phenocrysts of subhedral to euhedral, polysynthetically twinned, and zoned plagioclase, subhedral to euhedral hornblende, and minor subhedral opaque grains in a groundmass of subpolygonal plagioclase grains, subhedral hornblende, anhedral to euhedral opaque grains, and minor subhedral biotite. Minor sericitic alteration of plagioclase phenocrysts and groundmass. North-northwest of Ramsey Bay; Stepovak Bay D-6 quad. Porphyritic leuco-b asalt flow. Phenocrysts of subhedral to euhedral, zoned, polysynthetically twinned plagioclase (Ango); anhedral to euhedral olMne, and anhedral to subhedral, twinned, clinopyroxene phenocrysts in a nearly cryptocrystalline groundmass of subhedral to euhedral plagioclase laths, anhedral olivine(?), pyroxene(?), and opaque grains. Plagioclase phenocrysts commonly occur in aggregates.
Ramsey Bay; Stepovak Bay D-6 quad. Light-olive-gray (5 Y 6/1)* andesite porphyry having olive-black (5 Y 2/1) hornblende and pinkish-white (5 YR 8/1)* plagioclase phenocrysts. Plagioclase phenocrysts (An 55) are partially resorbed and are weakly saussuritized(?); some hornblende phenocrysts are partially altered to calcite. Rare quartz and untwinned feldspar grains may be potassium feldspar. Plagioclase phenocrysts and the groundmass are pervasively fractured.
Between Lumber Bay and Swedania Point; Port Moller C-2 quad. Porphyritic dacite flow or sill intruding basalt or andesite. Phenocrysts of subhedral to euhedral, South end of Guillemot Island; Port Moller C-2 quad. Porphyritic leuco-basalt flow. Glomeroporphyritic phenocrysts of anhedral to subhedral olivine and anhedral to subhedral, twinned clinopyroxene in a groundmass of predominantly subhedral to euhedral, polysynthetically twinned plagioclase (An6o). Phenocryst aggregates as large as about 7 mm in diameter. Minor alteration of olivine to chlorite.
Columnar-jointed plug on Ukolnoi Island; Port Moller A-5 quad. Dark-olive-gray (5 Y 3/1), fine-grained andesite. Clinopyroxene and plagioclase phenocrysts in a groundmass of devitrified glass and minor orthopyroxene. Larger plagioclase laths ,_gg) are unaltered and larger clinopyroxene grains are altered to bastite.
Moss Cape pluton; Port Moller A-6 quad. Clinopyroxene-biotite quartz monzodiorite. Light-yellowish-gray (10 YR 6/1) containing dusky-green (5 G 3/2) pyroxene and black (N 1) biotite crystals. In thin section, subhedral plagioclase laths (An50_6o), clinopyroxene, and amphibole crystals with inclusions of irregular blebs of quartz. Groundmass of biotitej and anhedral potassium feldspar and quartz. Abundant opaque oxides, particularly as inclusions in amphibole. Quartz is also present as fracture fillings. Estimated mode: 60 percent plagioclase, 15 percent potassium feldspar, 10 percent clinopyroxene, 10 percent quartz, 3 percent biotite, and 2 percent opaque oxides.
Small plug on southeast Wosnesenski Island; Port Moller A-5 quad. Medium-lightgray (N 6), fine-to very-fine-grained, two-pyroxene, plagioclase diorite. Clinopyroxene is dominant over orthopyroxene. Plagioclase and pyroxene laths have strong parallel alignment. Plagioclase composition indeterminate due to fine grain size. South end of Jacob Island; Stepovak Bay C-5 quad. Porphyritic hornblende andesite clast in volcanic breccia. Phenocrysts of subhedral to euhedral, conmonly twinned, pleochroic green-brown hornblende and subhedral to euhedral, Zone'1, twinned, and moderately to strongly sericitically altered plagioclase in a groundmass that is partially cryptocrystalline and partially composed of plagioclase laths, hornblende, opaque minerals, and sericite.
Sill at Dent Point; Stepovak Bay D-6 quad. Porphyritic light-gray (N 7) dacite having moderate-olive-brown (5 Y 4/3) hornblende and yellowish-white (5 Y 8/1) plagioclase phenocrysts. Fractured subhedral, strongly-zoned, plagioclase phenocrysts (to 3 mm, average An48) and euhedral, though very slightly resorbed, hornblende phenocrysts (2 mm) in a very fine grained groundmass of devitrified glass and plagioclase(?) microlites. Very minor alteration of some plagioclase to sericite.
North coast Wosnesenski Island; Port Moller A-5. Porphyritic andesite. Phenocrysts of subhedral to euhedral, twinned, zoned plagioclase (An7Q_go) and subhedral to euhedral, twinned clinopyroxene in a groundmass of mosuy cryptocrystalline glass, containing opaque grains, clinopyroxene, and plagioclase. Some alteration of pyroxene to chlorite and inclusions of chlorite in some plagioclase phenocrysts.
North of head of Dolgoi Harbor on Dolgoi Island; Port Moller A-6 quad. Coluir narjointed microporphyritic andesite flow. Phenocrysts of subhedral to euhedral, zoned, polysynthetically twinned plagioclase, subhedral, commonly twinned, clinopyroxene, and subhedral orthopyroxene in a groundmass composed of subhedral to euhedral plagioclase laths, anhedral to subhedral clinopyroxene and orthopyroxene, and anhedral to euhedral opaque grains. Chlorite aggregates that are pseudomorphs after olivine(?) or pyroxene(?) and are rimmed by orthopyrcxene. Plug near Sand Point city dump, Popof Island; Port Moller B-2 quad. Porphyr'tic leuco-basalt plug. Phenocrysts of subhedral to euhedral, twinned and zoned plagioclase (An8o) and minor, twinned clinopyroxene and 7-10 percent devitrified glass in a groundmass of randomly oriented plagioclase laths, fine anhedral pyroxene crystals, opaque grains, and minor calcite and glass.
East of Bloomer Peak on coast, Unga Island; Port Moller A-2 quad. %Pink microcrystalline to cryptocrystalline, spherulitic rhyolite dike or dome. Rare anhedral phenocrysts (about 1 mm) of quartz and 1 percent 1-mm opaque grrins, and less than 1 percent calcite aggregates in a cryptocrystalline groundmass containing about 1 to 3 percent 1-mm spherules.
Peak south of VABM "Fourth", Unga Island; Port Moller B-3 quad. Porphyritic hornblende andesite dome. Phenocrysts of subhedral to euhedral, zoned, and albite-twinned plagioclase (An^g) and anhedral to euhedral hornblende in a groundmass of plagioclase laths, hornblende fibrolite and laths, and opaque minerals. Much ofthe hornblende is strongly altered to chlorite and opaque minerals.
Ridge northwest of VABM "Fourth", Unga Island; Port Moller B-3 quad. Fine-to medium-grained, hypidiomorphic-granular, leuco-basalt flow(?). Subhedral to euhedral, twinned plagioclase (An8Q 90), anhedral to subhedral clinopyroxene and olivine (?) and minor opaque minerals. Parts of sample exhibit ophitic to subonhitic clinopyroxene and plagioclase. Minor alteration of clinopyroxene and olivine(?) to chlorite. Spherical aggregates of calcite rim chlorite(?); some chlorite(?) occurs in radiating fans.
North of Beaver Bay; Port Moller C-3 quad. Glomeroporphyritic andesite flow. Phenocrysts of subhedral to euhedral zoned and albite-twinned plagioclase phenocrysts (Ang^ in a groundmass of pilotaxitic plagioclase laths and anhecVal, fine-grained clinopyroxene, orthopyroxene(?), chlorite, and opaque minerals. Phenocryst aggregates as much as 5 mm in maximum dimension. Minor chlcrite aggregates are in forms that pseudomorph(?) pyroxene.
East coast of Unga Island, along Popof Strait; Port Moller B-2 quad. Massive, columnar-jointed, porphyritic andesite. Phenocrysts of subhedral to euhedral, twinned, zoned plagioclase (AngA.yo), subhedral orthopyroxene, twinned clinopyroxene phenocrysts, ana anhedral to euhedral opaque grains in a groundmass of pilotaxitic plagioclase laths, very fine grained anhedral to euhedral pyroxene, and brown glass. Chlorite(?) pseudomorphs after pyroxene(?) phenocrysts.
Southwest of Bear Lake; Port Moller D-1 quad. Light-gray porphyritic andesite.
Phenocrysts of large, euhedral, zoned, twinned plagioclase (An66)« anhedral tc euhedral twinned clinopyroxene, and anhedral orthopyroxene having clinopyroxene rims in a microcrystalline groundmass of anhedral to subhedral plagioclase, clinopyroxene, and orthopyroxene. Minor plagioclase phenocrysts include very fine grained anhedral pyroxene.
